Background: Few data has been available on the effect of serum HDL-C levels on the prognosis of lupus nephritis (LN) patients. The present study therefore aimed to explore the effect of serum HDL-C levels on LN patients. Methods: We included 775 patients with follow-up information registered in an LN database between 1 January 2006 and 31 December 2011. The patients were divided into groups with low, intermediate and high HDL-C, according to NCEP ATPIII criteria. Cox regression analyses were used to explore the effects of HDL-C levels on end-stage renal disease (ESRD), all-cause mortality and cardiovascular disease (CVD) mortality.
Background
Lupus nephritis (LN) is an immune complex glomerulonephritis that develops as one of the most serious complication of systemic lupus erythematosus (SLE) [1] . Asian SLE patients show a higher incidence of LN than Caucasian SLE patients and often present with more severe disease [2] . LN is also the most common form of secondary glomerulonephritis in China [3] , and leads to a heavy disease burden. Improved treatments for LN patients have reduced the mortality from renal failure in recent decades [4] , but the decline in mortality is counter-balanced by increased mortality and morbidity from cardiovascular disease (CVD) [5] .
It has been reported that decreased HDL-C levels are common in both SLE [6] and chronic kidney disease (CKD) [7] patients. HDL-C is considered protective against atherosclerosis [8] . Strong evidence suggests that low HDL-C levels increase the risk of CVD morbidity and mortality [9, 10] . Furthermore, an increasing number of clinical studies suggest that low HDL-C levels are associated with increased risk of renal dysfunction [11] [12] [13] . In SLE patients, altered HDL-C composition induced by systemic inflammation is associated with reduced anti-inflammatory and antioxidant activity [14] . HDL-C has also been shown to be dysfunctional in CKD patients [15, 16] . What's more, it was reported that the predictive role of HDL-C was modulated by renal function, with adverse role of high HDL-C in patients with renal dysfunction [11, 17] . As a result, although high HDL-C is usually considered protective, an increasing number of studies have revealed adverse effects of high HDL-C, with increased risk of CKD progression [11] and CVD mortality [17] .
However, previous studies have mostly been in Caucasians, who differ from Asians in their genetics, lifestyles and cultures. Additionally, studies have focused on the role of HDL-C in general populations or CKD patients, rather than in LN patients. To the best of our knowledge, few data has explored the role of HDL-C levels in the prognosis of LN patients. We therefore conducted this study to evaluate the effect of HDL-C levels on the progression of LN.
Methods

Study patients
All patients registered in the LN database of the First Affiliated Hospital of Sun Yat-sen University between 1 January 2006 and 31 December 2011 enrolled for this study. Each study patient satisfied the criteria for SLE revised in 1997 by the American College of Rheumatology [18] . The study exclusion criteria were as follows: (1) age < 14 years; (2) drug-induced SLE; (3) malignant tumor; (4) the absence of serum HDL-C data; (5) the absence of follow-up data or follow-up time shorter than 3 months; (6) end-stage renal disease (ESRD) on admission. For each patient, a physical examination was performed and laboratory tests and renal biopsy items were recorded. Disease activity was estimated using the Systemic Lupus Erythematosus Disease Activity Index (SLE-DAI) [19] . This study complied with the ethical principles outlined in the Helsinki Declaration, and the Human Ethics Committees of Sun Yat-sen University reviewed and approved the study protocol. All the participants provided signed written informed consent prior to enrollment.
Laboratory examinations
Laboratory tests were performed at the time of diagnosis of LN. Blood samples for a complete blood count, serum creatinine, lipid profiles, antibodies were obtained after overnight fasting. Urinary sediment analysis and 24-h proteinuria were also performed at the time of diagnosis of LN. The estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI equation. Hypertension was defined as systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg or treatment with antihypertensive drugs. Hypoalbuminemia was defined as serum albumin <30 g/L. Additionally, renal biopsies were investigated for glomerular damage and tubulointerstitial injury. The definition of HDL-C category followed the guidelines of the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III): low HDL-C was defined as HDL-C level < 40 mg/dL (1.04 mmol/L) and high HDL-C was defined as HDL-C level ≥ 60 mg/dL (l.55 mmol/L) [20] .
The study outcomes
Patients were required to return to our center at least once a year for an overall medical evaluation and/or were interviewed annually by telephone by trained doctors to assess the general conditions. We defined our outcomes as follows: the primary outcome was ESRD (eGFR <15 ml/min/1.73m 2 or entry in dialysis or renal transplantation). The secondary outcomes were all-cause mortality and CVD mortality. Causes of CVD mortality included acute myocardial infarction, atherosclerotic heart disease, cardiomyopathy, cardiac arrhythmia, cardiac arrest, congestive heart failure, cerebrovascular accident (including intracranial hemorrhage), ischemic brain damage, anoxic encephalopathy, and peripheral vascular disease. If the patients died in our hospital, the exact cause of death was recorded, and if death occurred outside our hospital, doctors obtained the cause of death from descriptions provided by family members. All patients were followed up until ESRD, death or censoring on 31 December 2012.
Statistical analysis
HDL-C was categorized by means of the following criteria: low HDL-C when <1.04 mmol/L, intermediate HDL-C from 1.04 to <1.55 mmol/L, and high as greater than or equal to 1.55 mmol/L. Quantitative variables were shown as mean and standard deviations and were compared by ANOVA or Wilcoxon rank sum test. Qualitative variables were described by frequency and were compared by chi-square tests or Wilcoxon rank sum test. Logistic regression techniques were used to determine the risk factors associated with low and high HDL-C. The significant variates with P value <0.10 in univariate analysis were forced into the multivariate models. Other variates were selected into multivariable models using the forward method (entry: 0.1, removal: 0.2). Kaplan-Meier survival curves were generated to calculate the cumulative event-free survival rates and a log-rank test was used to compare the survival differences between the three groups. Cox regression models were used to assess the relationships of HDL-C categories and continuous HDL-C levels with ESRD, all-cause mortality and CVD mortality. For each analysis, three models were built based on the level of multivariable adjustment. Model 1 included age and gender. Model 2 included model 1 covariates and significant variables with P value <0.10 in univariate analysis forced into the model and other variables selected into the multivariate model by the forward method (entry: 0.1; removal: 0.2). Model 3 adjusted for model 2 covariates, other lipid parameters including total cholesterol, triglyceride and LDL-C and other important clinical factors. Subgroup analyses were performed to examine the effect of HDL-C levels on ESRD and all-cause mortality in patients stratified into two groups of eGFR (eGFR ≥60 ml/min/ 1.73m 2 and eGFR <60 ml/min/1.73m 2 ). The results of these regression analyses were presented as hazard ratio (HR) with 95% confidence intervals (95% CI). The interaction between eGFR category and serum HDL-C level on ESRD and all-cause mortality was examined by performing a formal test of interaction. A two-tailed P-value <0.05 was considered statistically significant. All analyses were performed with SPSS version 13.0.
Results
Baseline characteristics and comparisons among groups with low, intermediate and high HDL-C levels in LN patients
A total of 775 patients were finally analyzed in this study ( Fig. 1) . Overall, the mean age was 31.2 ± 13.1 years and 645 (83.2%) were female. Mean serum HDL-C was 1.09 ± 0.49 mmol/L. The median values of eGFR, SLEDAI and 24-h urine protein were 81.8 ml/min/1.73m 2 , 14 and 1.7 g/d, respectively. 96.9% of the patients were using prednisone and 60.4% were receiving immunosuppressive treatment. 401 (51.7%) patients had low HDL-C levels and 128 (16.5%) had high HDL-C levels. The baseline characteristics of the total LN patients and the comparisons among groups with low, intermediate and high HDL-C levels were shown in Table 1 . The patients with low HDL-C levels showed shorter disease duration (P < 0.001), lower eGFR (P < 0.001), higher SLEDAI (P < 0.001), lower total cholesterol (P < 0.001), higher triglyceride (P < 0.001), lower LDL-C (P < 0.001), higher incidence of hypoalbuminemia (P = 0.038). The patients with low HDL-C levels demonstrated a higher incidence of immunosuppressive treatment (P = 0.023). In addition, comparisons of baseline characteristics between LN patients with and without follow-up data were shown in Additional file 3: Table S1 . LN patients without followup data showed longer disease duration (P < 0.001), lower eGFR (P = 0.019) and higher incidence of diabetes mellitus (P = 0.020). Table 2 lists significant risk factors for patients with low and high HDL-C levels by adjusting for the covariates listed in Table 1 using the enter and forward selection procedure. Low HDL-C was associated with disease duration (OR = 0.99, 95% CI 0.99-1.00, P = 0.010), eGFR (OR = 0.96, 95% CI 0.92-0.99, P = 0.018), total cholesterol (OR = 0.59, 95% CI 0.47-0.75, P < 0.001) and triglyceride (OR = 1.89, 95% CI 1.53-2.32, P < 0.001). High 
Risk factors for low and high HDL-C levels
HDL-C and ESRD
During the median follow-up period of 56 months (3-206 months), 71 patients (9.2%) had ESRD and 84 (10.8%) deaths occurred, 17 (20.2%) of which were associated with CVD. In Kaplan-Meier survival analysis, there was no significant difference among three HDL-C groups for ESRD (shown in Additional file 1: Figure S1 ). In multivariate Cox regression analysis, we found no statistical significance for the association of HDL-C category or continuous HDL-C levels with ESRD in the total cohort (Table 3) .
We performed subgroup analyses to examine the effect of HDL-C levels on ESRD in patients stratified into two groups of eGFR. After adjustment by age, gender, weight, smoking status, eGFR, SLEDAI, 24-h proteinuria, total cholesterol, triglyceride, LDL-C, diabetes mellitus, hypertension, hypoalbuminemia, disease duration, lipid-lowering Results are for the subset of the cohort for which patients had renal biopsy data (n = 530) SLEDAI Systemic lupus erythematosus disease activity index . Further, we tested the interaction between eGFR category and serum HDL-C levels on ESRD in the total cohort and found a significant interaction (β = −1.738, P = 0.005) ( Table 4) .
HDL-C and all-cause mortality
The Kaplan-Meier survival curves of the three HDL-C groups for all-cause mortality were presented in Fig. 2 . There were statistically significant differences among the three HDL-C groups (log rank P = 0.001), with worse survival in the group with a low HDL-C level.
The result of multivariate Cox regression models for the risk of all-cause mortality by HDL-C category (with intermediate HDL-C as the reference category) and each 0.1 mmol/L increase in serum HDL-C level is presented in Table 3 . Regardless of the adjustment method used, the low HDL-C group was significantly associated with increased risk of all-cause mortality compared to the intermediate HDL-C group. The risk of all-cause mortality in the high HDL-C group did not differ significantly from that of the intermediate HDL-C group. In model 3, which was a maximally adjusted model including age, gender, weight, smoking status, eGFR, SLEDAI, 24-h proteinuria, total cholesterol, triglyceride, LDL-C, diabetes mellitus, hypertension, hypoalbuminemia, disease duration, lipid-lowering therapy and immunosuppressive treatment, low HDL-C showed an adjusted HR of 2.16 (95% CI: 1.06-4.40, P = 0.033) for all-cause mortality. With each 0.1 mmol/L increase in HDL-C level, adjusted HR for all-cause mortality was 0.88 (95% CI: 0.81-0.96, P = 0.005).
We also performed subgroup analyses and interaction test to examine the effect of HDL-C levels on all-cause mortality in patients stratified into two categories of eGFR. There was no statistical significance in the interaction between eGFR categories and HDL-C, with the interaction P value was 0.091 (Table 4) .
HDL-C and CVD mortality
In Kaplan-Meier survival analysis, there was no significant difference among three HDL-C groups for CVD mortality (shown in Additional file 2: Figure S2 ). In Cox regression analysis, with age and gender as covariates, low HDL-C showed an adjusted HR of 4.77 (95% CI: Table S2 ). As there were only 17 CVD mortalities in the total cohort, we didn't perform further adjustment and the interaction analysis.
Discussion
In a longitudinal large cohort in one clinical research center, high HDL-C levels were associated with increased risk of ESRD in patients with advanced reduced renal function (eGFR <60 ml/min/1.73m
2 ), but were not associated with ESRD in patients with reserved renal function (eGFR ≥60 ml/min/1.73m
2 ). While low HDL-C levels were independently associated with all-cause mortality of LN patients. To the best of our knowledge, this cohort study is the largest ever performed to investigate the effect of HDL-C levels on prognosis of LN patients.
We found an association between decreased HDL-C level and all-cause mortality of LN patients. It is generally accepted that normal HDL-C has important physiological functions. It is the key vehicle of reverse cholesterol transport (RCT), by which cholesterol is removed from peripheral tissues, carried in the plasma, and disposed of in the liver [7] . HDL-C also have additional protective functions, including antioxidant and anti-inflammatory activity, prevention of endothelial cell apoptosis and antithrombotic effects [21] . Clinical evidence shows that low HDL-C levels are associated with increased risk of CVD after correction for other risk factors in multivariate analysis [9, 22] . Prospective studies showed that low HDL-C is usually the lipid risk factor most highly associated with CVD risk [10, 23] .
However, in our study, as the number of CVD mortalities was not enough for further adjustment, we only examined the role of HLD-C levels on CVD mortality adjusted by age and gender. We found that after adjustment by age and gender, low HDL-C was associated with increased risk of CVD mortality. And with the increase in HDL-C level, the risk of CVD mortality decreased. Further studies with more CVD mortality events are needed to confirm the role of HDL-C on CVD mortality in LN patients.
It is interesting to note that our study found that the role of high HDL-C in renal outcome differs between LN patients with early and advanced renal dysfunction, which has not been reported before. The association between HDL-C and renal outcome was not statistically significant in patients with reserved renal function. It seems that the role of HDL-C was modulated by renal function. In fact, an increasing number of human and animal studies have raised the question of whether HDL-C, which is generally thought to be protective, is "good" in all situations. The US cohort of veterans showed a U-shaped relationship between HDL-C levels and renal outcomes. The risk was increased in the lowest and highest deciles of HDL-C [11] . A 3-year cohort of 33,109 chronic hemodialysis patients also showed the adverse role of high HDL-C in CVD mortality [17] . Zewinger et al. reported that associations of HDL-C with CVD and all-cause mortality are modified by eGFR. High HDL-C levels were not associated with reduced mortality risk in patients with reduced kidney function, similar to our results [24] . Additionally, pharmaceutical or genetic interventions to increase serum HDL-C levels have shown no benefit so far [25] [26] [27] . The mechanism of the adverse role of high HDL-C in patients with advanced renal dysfunction is presently unknown. Experimental evidence suggests that high HDL-C might have an adverse effect under some circumstances, including CKD. In the presence of oxidative stress and inflammation, HDL-C transforms from an antioxidant and anti-inflammatory particle to a pro-oxidant, proinflammatory particle known as acute-phase HDL-C [28] [29] [30] , suggesting a loss of protective effect. Patients with renal dysfunction tend to have alterations not only in quantity [31] , but also quality of HDL-C [15, 32] . HDL-C may not only be dysfunctional but also may promote inflammation in patients with advanced renal dysfunction [33] . Honda et al. have recently shown that dysfunctional HDL-C is produced under oxidative stress in hemodialysis patients, and this dysfunctional high HDL-C is related to increased oxidized HDL-C, which has lost its protective role and can even result in increased CVD mortality [34] . It has also been reported that HDL-C in patients with advanced renal dysfunction loses its anti-inflammatory property and even promotes production of inflammatory cytokines, when compared with HDL-C isolated from healthy controls [35, 36] . In addition, abnormal HDL-C can contribute to endothelial dysfunction and innate immunity via activation of Tolllike receptor-2 in CKD patients [37] . Overall, the reason for the adverse role of high HDL-C is still unknown and requires further study. As the structure and subpopulations of HDL-C were not measured in our study, we could not distinguish the actual particles of HDL-C that resulted in worse renal outcomes.
No significant association of low HDL-C with ESRD was found in our total cohort or in the different eGFR categories. Previous studies to examine the role of low HDL-C in renal outcome showed inconsistent results. Some studies showed that low HDL-C levels were correlated with the progression of kidney disease in the general population [38, 39] and in CKD patients [12, 13, 40] , while others did not find this result [41, 42] . The Chronic Renal Insufficiency Cohort (CRIC) study of 3939 CKD patients found that low HDL-C levels were not associated with progression of CKD, which is consistent with our results [42] .
A plausible explanation is that the association of low HDL-C levels with adverse renal outcome in previous studies may not be causal in nature. Low HDL-C might merely be a marker of an adverse metabolic situation, including severe inflammation and oxidative stress, which are common in SLE and CKD patients [14, 42] . The existence of these factors might partially or fully explain the observed association in previous studies. This interpretation is supported by observations from a post-hoc analysis of the AIM-HIGH trial [43] . Compared with the placebo group, CKD participants receiving niacin had a significant increase in HDL-C, but the addition of niacin did not improve CVD outcomes or renal function, and was even associated with a higher risk of all-cause mortality.
We also compared baseline characteristics of patients who were lost to follow up with the included patients in this study. LN patients without follow-up data showed longer disease duration, worse renal function and higher incidence of diabetes mellitus. And there was no significant difference between two groups in other items. These three factors were further adjusted in the multivariate Cox regression models to reduce potential confounders. So the exclusion of the patients without follow-up data may not affect the results and conclusion of the study.
The strengths of our study are as follows: (1) this prospective cohort study included a large number of LN patients with a long follow-up period in a single center, (2) the association of HDL-C levels with outcomes was examined with adjustments for demographics, laboratory items and treatment factors. The study also has some limitations. First, we only collected single baseline lipid levels for analysis, from which we could not evaluate the development and progression of lipid abnormalities. What's more, only HDL-cholesterol was measured. HDL structure and subpopulation distribution changes, which may also contribute to the increased mortality of LN patients, were not detected in current study. Second, in multivariate Cox regression models analysis, the role of HLD-C levels on CVD mortality were only adjusted by age and gender. As the number of CVD mortality is not enough for further adjustment, we didn't include other covariates for adjustment.
Conclusions
In conclusion, high HDL-C levels were associated with increased risk of ESRD in patients with advanced renal dysfunction, while low HDL-C levels were associated with all-cause mortality. Further studies will be necessary to find the optimal HDL-C levels and to examine the changes of HDL structure and subpopulations distribution in LN patients.
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